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Introduction and background
===========================

Severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2), the virus strain that causes coronavirus disease 2019 (COVID-19), has been reported in several countries across continents since it was first identified in December 2019. It infected nearly 1.7 million people within four months \[[@REF1]\]. The virus first appeared in a cluster of atypical pneumonia cases in Wuhan, China, possibly related to a seafood market. On January 12, 2020, the virus was initially named the 2019-novel coronavirus (2019-nCov) by the World Health Organization (WHO). From the discovery of the initial case in Wuhan, it rapidly spread across China and many other countries, eventually affecting several continents. On January 30, 2020, the WHO officially declared the COVID-19 epidemic a public health emergency of international concern. On February 11, 2020, the disease was officially named COVID-19 by the WHO and the virus was named SARS-CoV-2 by the Coronavirus Study Group of the International Committee \[[@REF2]\].

SARS-CoV-2 is a 125nm-diameter, spherical-shaped β-coronavirus. Other zoonotic β-coronaviruses subsets are known to cause Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS). The nucleocapsid encloses a positive-sense single-stranded RNA virus. Coronaviruses have four main structural proteins: spike protein (S), membrane protein (M), envelope protein (E), and nucleocapsid (N), while β-coronavirus contains a fifth structural protein, hemagglutinin-esterase (HE), which is analogous to hemagglutinin \[[@REF3]\].

Review
======

Epidemiology

The median incubation period of the infection is 5.1 days, with 97.5% of the population showing symptoms within 12 days of exposure \[[@REF4]\]. The basic reproduction number (R~0~), which is the indicator of the transmissibility of the disease, was derived from the mean of 12 studies between December 2019 to January 2020 and is 3.28 with a median of 2.79 (range: 1.4-6.49) \[[@REF5]\]. However, this number is still evolving with a most recent study from the Centers for Disease Control and Prevention reporting a median R~0~ as high as 5.7 (95% CI: 3.8-8.9) based on the assumed serial interval (six to nine days) \[[@REF6]\]. The case fatality rate (CFR) of SARS-CoV-2 infection ranges widely between countries, from 7.2% in Italy to 0.7% in South Korea, due to numerous factors \[[@REF7],[@REF8]\]. However, these numbers are subject to change in the future as, during an epidemic, studies only capture a cross-sectional/temporal representation at the time of assessment. More reflective values can be obtained once the epidemic is over. As the number of disease cases changes rapidly, conducting a precise epidemiological study is challenging.

Genetics

The complete reference genome sequence data of SARS-CoV-2 was made available in December 2019, and the sequence data and variations have been updated at GenBank \[[@REF9]\]. SARS-CoV-2 is 96.2% identical to a bat CoV RaTG13 and shares 79.5% of its identity with SARS-CoV, suggesting the bat as the most likely natural host of the virus. However, it is suspected that the zoonotic infection took place via an unknown intermediate host \[[@REF2]\].

Pathogenesis

Viral Attachment and Entry

The molecular protein responsible for the entry of SARS-CoV-2 into human host cells is angiotensin-converting enzyme 2 (ACE2) \[[@REF10]\]. This protein is widely found in different organs such as the lung, kidney, heart, and endothelial tissue. The main functions of ACE2 are the downregulation of the renin-angiotensin-system (RAS), balancing the overdrive of RAS mediated response and the renal, gastrointestinal absorption of amino acids \[[@REF11]\]. It also acts as a means of clathrin-mediated internalization of viruses such as SARS coronavirus \[[@REF11]\]. Recent studies have revealed that ACE2 interacts with transmembrane protease, serine 2 (TMPRSS2), which is responsible for the S protein activation of SARS-CoV-2, just as in SARS coronavirus \[[@REF3],[@REF10],[@REF12]\]. S protein of the viral structure interacts with surface ACE2 enzyme, which leads to the internalization of the viral material. As the viral RNA is released into the host cytoplasm, the viral translation process takes place using the host cellular machinery \[[@REF10]\].

Protein Synthesis and Viral Replication

The viral replicase gene of the single-stranded RNA is translated to produce key proteins such as RNA-dependent RNA polymerase (RdRp), RNA helicase, and other non-structural proteins, which will serve as replicase-transcriptase complex (RTC) \[[@REF3],[@REF13]\]. Further to RTC translation, subsequent viral RNA synthesis takes place using RdRp through a complementary strand as an intermediate. The translation products of the viral sub-genomic RNA are further processed, and this results in a series of viral structural S, E, N, and M proteins. They are subsequently used in the assembly process with viral genomic RNA, which is then released \[[@REF3]\].

G*eneral Viral Infection and Immune Response*

Upon viral infection, the immune system responds mainly in three ways. At the early phase of the infection, an innate immune response deploys myeloid lineage cells, natural killer (NK) cells, and epithelial cells, which, upon activation, will secrete proinflammatory cytokines and chemotactic factors. These include but not limited to interleukins (IL) -1, -6, -8, -12, -15, -18, tumor necrosis factors (TNF), granulocyte-macrophage (GM)-, granulocyte (G)-, macrophage colony-stimulating factors (M-CSF), and interferon-gamma (IFN-ɣ) 1, 2, 3. These cytokines act to induce specific cells, including NK and dendritic cells \[[@REF14]\]. Dendritic cells of the respiratory system can be directly and indirectly activated upon viral respiratory infection. Epithelial cells release IL-1 and then GM-CSF to recruit dendritic cells and secrete IL-33 to support paracrine regeneration \[[@REF14]\]. In the lung, type II pneumocytes (T2P) also participate during the immune response: T2P produces surfactant, which is composed of phospholipids (mainly phosphatidylcholine and phosphatidylglycerol), lipid (cholesterol), and surfactant protein A, B, C, D. The surfactant A and D pair with viruses to promote the action of macrophages \[[@REF15]\]. An effective early phase defense mechanism depends on phagocytic cell interaction with antigens directly using pattern recognition receptors (PRR) and pathogen-associated molecular patterns (PAMP) or indirectly via opsonins. The adaptive immune response, especially the arm of T cell maturation, is in majority through an increase in IL-2, followed later by a CD4+Th cell response and CD8+T-cell-mediated cytotoxic response. Through the process of autophagy, harmful and damaged cellular components are metabolically degraded \[[@REF16]\]. Autophagy also plays an important role in modulating the innate and adaptive responses during a viral infection as any pathogenetic steps of viral infection from its entry, fusion, and to the interference of cellular homeostasis can disrupt the immune-protective mechanism \[[@REF16]\].

SARS-CoV-2 Infection and Its Possible Pathophysiology and the Immune Response

A similar early innate response is seen in SARS-CoV-2-infected patients who present with initial cardinal symptoms such as fever and malaise. Yet, their clinical sequelae and the response to the treatment are different from any respiratory diseases known today. The increase in the body temperature seems to be due to the production of proinflammatory cytokines such as IL-1, -6, -8, -10, -12, and TNFs from first responders such as monocytes, damaged local endothelial cells, and neutrophils. While macrophages promote the local inflammatory response with the release of chemotactic factors, the paracrine response of the endothelial cells and pneumocytes enhances the expression of adhesion molecules such as intercellular adhesion molecule 1 (ICAM-1) on T2P. E-selectin and vascular cell adhesion molecule (VCAM) facilitate the migration of white blood cells.

It is suspected that the acute respiratory distress syndrome (ARDS)-like picture in SARS-CoV-2-infected patients is precipitated and worsened by the excess monocytes in response to GM-CSF, which is released by rapidly activated CD4+T-cell lineage \[[@REF17]\]. The progression to ARDS-like presentation is driven by three main factors: the local inflammatory response by neutrophils inducing local damage; the releasing of proteinaceous cellular debris in the alveolar space; and locally-acting mediators such as endothelin-1, phospholipase A-2, and angiotensin-2 making the local vessel more permeable. The damage to type I pneumocytes impedes local gas exchange while damage to type II pneumocytes results in decreased surfactant production. The surfactant has an important function in reducing the surface tension of alveoli. As more T2P are lost, the surface tension of the alveoli increases, which leads to the collapse of the alveolar cavity. Furthermore, the alveolar cavity is filled with the proteinaceous cellular debris from the inflammatory reactions and the exudate from the increase in vascular permeability, which translates into the pulmonary edema-like picture in patients. The infection spreads to the adjacent alveoli through the pores of Kohn, infecting adjacent alveolar cavities. These events explain the progression of lung involvement, dyspnea, and shortness of breath. Yet, ARDS-like presentation with SARS-CoV-2 infection is atypical as the patients who fit into the Berlin Definition do not show similar lung compliance and shunt fraction as a typical ARDS patient \[[@REF18]\].

Cytokine Storm

SARS-CoV-2-infected patients have shown a rise of cytokines during their disease course, notably, IL-2, -4, -6, -7, -10, TNF-α, G-CSF, interferon-gamma-inducible protein (IP), monocyte chemoattractant protein 1 (MCP1), and macrophage inflammatory protein 1 alpha (MIP1A), between day 3-10 of disease onset, which corresponded to the disease severity of the patients \[[@REF17],[@REF19],[@REF20]\]. Patients with mild symptoms presented with an elevation of cytokines within the reference ranges, while severe patients showed markedly elevated levels \[[@REF19]\]. As for the IFN-ɣ, there are mixed findings \[[@REF19],[@REF21]\]. Zhou et al. have considered the high IFN-ɣ and GM-CSF by Th1 cells and GM-CSF by CD8+T-cells as the possible cause of the hyper-inflammatory reaction, as NK cells and B-cells were not found to relate with these features \[[@REF21]\]. Given that monocytes respond to GM-CSF as expected, SARS-CoV-2-infected patients had higher CD14+CD16+ monocytes than normal healthy individuals \[[@REF17],[@REF21]\]. These monocytes promote the secretion of GM-CSF and IL-6, both of which are surged in severely ill patients, overfeeding the inflammatory response, and suggesting the relationship among GM-CSF, IL-6, monocytes, and Th1 cells, which explains the cytokine storm \[[@REF17],[@REF20],[@REF21]\].

A recent study of SARS-CoV has shown that T-cell dysfunction along with the decrease in type I IFN is related to T-cell exhaustion \[[@REF22]\]. Yet, the relationship between the clinical severity of SARS-CoV-2-infected patients and T-cell exhaustion is still unknown. Mehta P et al. have reported that the cytokine profile and the trend of the inflammatory markers of SARS-CoV-2-infected patients present similarly to the secondary hemophagocytic lymphohistiocytosis (sHLH), whose severe clinical presentation is related to the cytokine storm \[[@REF23]\]. Further study is needed to verify if the severe presentation and poor prognosis are related to any of these aforementioned findings.

Clinical presentation

A spectrum of symptoms is observed in SARS-CoV-2-infected patients. The degree of the severity of the disease experienced by a diverse population is very different as well. While the majority of patients experience cardinal and respiratory symptoms, a minority of the population also presents with gastrointestinal symptoms such as diarrhea, nausea, and vomiting. The most commonly reported symptoms are fever, dry cough, and fatigue followed by myalgia, chest tightness/pain, sore throat, shortness of breath, dyspnea, and rhinorrhea (Tables [1](#TAB1){ref-type="table"}, [2](#TAB2){ref-type="table"}) \[[@REF19],[@REF24]-[@REF27]\].

###### Clinical presentation of SARS-CoV-2-infected patients, reproduced and modified from Study 1\*

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ICU: intensive care unit; Non-ICU: non-intensive care unit

\*Data reproduced and modified from Wang et al.'s research \[[@REF25]\]

  -------------------------- ---------------------- ------- ----------- ----------------------------------- ---------------------------
  Parameter from Study 1\*   Number of patients\*   ICU\*   Non-ICU\*   Patients with severe disease, %\*   Patients with symptoms, %
  Total patients             138                    36      102         74%                                  
  Median age, years          56                     66      51                                               
  Fever                      136                    36      100         74%                                 99%
  Fatigue                    96                     29      67          70%                                 70%
  Dry cough                  82                     21      61          74%                                 59%
  Anorexia                   55                     24      31          56%                                 40%
  Myalgia                    48                     12      36          75%                                 35%
  Dyspnea                    43                     23      20          47%                                 31%
  Expectoration              37                     8       29          78%                                 27%
  Sore throat                24                     12      12          50%                                 17%
  Diarrhea                   14                     6       8           57%                                 10%
  Nausea                     14                     4       10          71%                                 10%
  Headache                   9                      3       6           67%                                 7%
  Vomiting                   5                      3       2           40%                                 4%
  Abdominal pain             3                      3       0           0%                                  2%
  -------------------------- ---------------------- ------- ----------- ----------------------------------- ---------------------------

###### Clinical presentation of SARS-CoV-2-infected patients, reproduced and modified from Study 2\*

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ARDS: acute respiratory distress syndrome; non-ARDS: non-acute respiratory distress syndrome

Data reproduced and modified from Liu et al.'s research \[[@REF24]\]

  --------------------------- ---------------------- ------------ -------- ----------- ---------------------------
  Parameters from Study 2\*   Number of patients\*   Non-ARDS\*   ARDS\*   ARDS, %\*   Patients with symptoms, %
  Total patients              109                    56           53       49%          
  Median age, years           55                     49           61                    
  Fever                       90                     48           42       47%         83%
  Dry cough                   67                     36           31       46%         61%
  Fatigue                     62                     26           36       58%         57%
  Diarrhea                    12                     6            6        50%         11%
  --------------------------- ---------------------- ------------ -------- ----------- ---------------------------

Liu et al. have reported that the severity of atypical pneumonia correlated with an increase in different criteria such as Sequential Organ Failure Assessment (SOFA), Acute Physiologic Assessment and Chronic Health Evaluation II (APACHE II), and CURB 65 (the acronym for criterion assessing the risk of patients presenting with respiratory diseases) \[[@REF24]\]. Wang et al.'s study found a similar tendency among SARS-CoV-2-infected patients \[[@REF25]\]. The progression of atypical pneumonia and respiratory failure were reported as sequelae of this disease with other severe complications such as multiple organ failure, sepsis, and death. The correlation may suggest poor prognosis; however, a meta-analysis is required to support this. The level of IL-6 is also suggested as being associated with a severe presentation of respiratory symptoms, possibly related to the cytokine storm \[[@REF24],[@REF28]\]. In addition, Onder et al. have shown a significant case fatality in relation to the increase in the age of patients \[[@REF7]\].

On the other side of the spectrum, although uncommon, neurological symptoms have been reported, suggesting neurologic deficits can be associated with SARS-CoV-2 infection. Zhao et al. have reported a case of a possible association with Guillain-Barré syndrome (GBS), where a 61-year-old woman acutely developed symmetric lower extremity weakness eight days before the onset of fever and respiratory symptoms \[[@REF29]\]. Another case, a post-infectious acute hemorrhagic necrotizing encephalopathy, was reported in a patient who had a three-day history of altered mental status with cough and fever \[[@REF30]\]. However, it is difficult to conclude if SARS-CoV-2 infection is associated with these specific diagnoses added based simply on two individual case reports. More data and studies are needed to elucidate this relationship and risk population.

Diagnostic studies

Clinical Diagnosis

There is no identified pathognomonic clinical presentation of SARS-CoV-2 infection. At the initial phase of the epidemic, high clinical suspicion was related to the presence of fever, malaise, respiratory or gastrointestinal symptoms along with a recent travel history to Wuhan, China, or physical contact with people at high risk, which were used to determine if further investigations were indicated. As the pandemic progressed and the chains of spreads took root within many local communities, more emphasis was put on the importance of diagnostic studies rather than clinical presentation. Wang et al. have stratified the SARS-CoV-2-infected patients' presentation according to the symptom severity (Table [3](#TAB3){ref-type="table"}) \[[@REF31]\].

###### Classification of symptom severity of SARS-CoV-2 infection using the reported criteria

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; PaO2: partial pressure of oxygen; FiO2: fraction of inspired oxygen

  -------------------- ---------------------------------------------------------------------------------------------------------------------------
  Symptom severity     Description
  Mild                 Mild symptoms including fever, fatigue + absence of radiographic feature + absence of pneumonia-like symptom \[[@REF31]\]
  Moderate             Fever + respiratory symptoms + presence of radiographic features \[[@REF31]\]
  Severe               Dyspnea, respiration rate of \>30/min or O~2~ saturation of \<93% or P~a~O~2~/F~i~O~2~of \<300 mmHg \[[@REF31]\]
  Critical             Respiratory failure or septic shock or multiple organ failure \[[@REF31]\]
  -------------------- ---------------------------------------------------------------------------------------------------------------------------

Laboratory Diagnosis

Many non-specific inflammatory markers, including C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and ferritin are elevated in SARS-CoV-2-infected patients \[[@REF25],[@REF31]\]. Other laboratory findings include elevated procalcitonin, decreased total lymphocytes count, prolonged prothrombin time (PTT), elevated D-dimer, alanine transaminase (ALT), aspartate transaminase (AST), blood urea nitrogen (BUN), creatinine (Cr), lactate dehydrogenase (LDH), and creatine kinase (CK), which were generally found to be more pronounced in patients admitted to the intensive care unit (ICU) \[[@REF25]\]. Patients in the ICU had high levels of cytokines such as IL -2, -7, -10, TNF- α, G-CSF, and MIP1A \[[@REF20]\]. Critically ill patients and non-survivors had high levels of neutrophils, D-dimer, ferritin, BUN, and Cr, suggesting a possible pathological etiology related to a poor prognosis \[[@REF25]\].

Laboratory tests for diagnosing SARS-CoV-2 include nucleic acid amplification tests (NAAT) such as real-time reverse-transcriptase polymerase chain reaction (RT-PCR), serological testing such as enzyme-linked immunosorbent assay (ELISA), and viral sequencing \[[@REF32]\]. Each diagnostic method has its own advantages and disadvantages. Currently, RT-PCR is most favored for its practicality, time efficiency, and cost factor \[[@REF31]\].

Imaging Studies

Radiographic features are usually absent in mild cases of SARS-CoV-2 infection. Common early-stage CT findings up to day four after symptom onset have shown numerous focal 'ground-glass opacities' in the majority of patients \[[@REF33]\]. Between day 5-13, lung involvement worsened with increasing consolidation in several lobes of both lungs. These pulmonary pathologies started to improve after day 14 but a complete resolution was hardly achieved even after 25 days \[[@REF33]\]. Other manifestations included vascular thickening, halo- or air bronchogram sign, and pleural effusion, although these have been rarely encountered \[[@REF31],[@REF33]\]. Ultrasound (US) images have supported CT findings confirming thickened pleural lines and the location of lesions \[[@REF31],[@REF34]\]. US shows B lines in the early stage and in mild infections with the alveolar interstitial syndrome as the disease progresses \[[@REF34]\].

Current research and evidence

Treatment Options

There is no consensus yet on how to treat SARS-CoV-2-infected patients who present with a wide spectrum of clinical symptoms and severity. The current use of hydroxychloroquine is based on the knowledge of minimizing the viral entry into the host cell and impeding viral replication by disrupting the assembly and release of the virus \[[@REF35]\]. Mukherjee et al. have reported a favorable outcome in a 49-year-old patient who had multifocal atypical pneumonia and treated with hydroxychloroquine \[[@REF26]\]. A recent non-randomized clinical trial in France, without a control group, has shown a positive result of the use of hydroxychloroquine with azithromycin in SARS-CoV-2-infected patients, leading to a faster resolution of symptoms in the majority of patients \[[@REF36]\]. An adenosine analog, remdesivir (GS5734), acts as a nucleotide analog that halts the transcription process of viral RNA \[[@REF37]\]. Holshue et al. have reported successful treatment with remdesivir of the first SARS-CoV-2-infected patient in the United States \[[@REF27]\]. Wang et al. have reported positive effects of remdesivir and chloroquine in a study using infected cells \[[@REF38]\]. However, not all studies are in favor of the use of these drugs. A small pilot study of 30 patients in China found no statistically significant difference in the remission of the disease between the hydroxychloroquine treatment group and the control \[[@REF39]\]. Lopinavir and ritonavir, novel protease inhibitors that are used to treat HIV infection, are other medications proposed to treat SARS-CoV-2 infection. Cao et al. found through a randomized, controlled trial of 199 patients that the lopinavir-ritonavir treated group did not show a statistically significant difference in the mortality, hazard ratio, and viral load as compared to patients who had standard care \[[@REF40]\]. Given that many antiviral treatments are related to severe side effect profiles, a precautious determination of the right dosage and appropriate targets should be determined through clinical trials.

Vaccine Development

Structural proteins such as glycoprotein or spike protein are important targets of antiviral vaccine development. Given that the genomic sequence of the amino acid can be used for homology remodeling, it may, theoretically, assist in identifying molecules with possible antiviral properties \[[@REF41]\]. Yet, the high potential of spontaneous mutation associated with the genetic properties of the coronavirus, such as a high recombination ability and the presence of splicing sites and more than 40 RNA modification sites may pose challenges to this as it can promote changes of target tissue specificity and antiviral sensitivity \[[@REF42]\].

Protease Inhibitor Targeting S Spike Protein

In addition to the presence of ACE2, an important serine protease, TMPRSS2 is used in S protein priming. This process is shown to play an important role in viral entry by mediating viral envelope fusion with the cell membrane into the host cell and, hence, is related to infectivity \[[@REF10]\]. For this reason, Hoffmann et al. proposed a serine TMPRSS2 protease inhibitor, camostat mesylate, for its potential benefit \[[@REF10]\]. However, this needs further studies as SARS, another subset of coronavirus, can enter host cells via an alternative pathway using endosome when the key proteases are lacking \[[@REF12]\].

Prevention

With the absence of a treatment of choice, preventive measures are the most effective way to minimize the spread of infection. The infection primarily spreads via respiratory secretions and droplets, direct contact by touching contaminated surfaces, and/or indirectly via fomites. Transmission can occur from both symptomatic and asymptomatic patients, before symptom onset. Infected droplets can spread 1-2 m and can deposit on surfaces where they remain for a period of time. The degeneration of infectious material is accelerated by common disinfectants like sodium hypochlorite and hydrogen peroxide. Some studies have also indicated this virus to be present in stool and contaminated water supplies, suggesting possible transmission via the fecal-oral route \[[@REF43]\]. Currently, preventive measures include the appropriate use of personal protective equipment (PPE), social distancing, and hand-washing.

Discussion

It is hard to predict where this infection can lead. With a relatively high number of reproducibility, a long incubation period, and possible transmissibility even during an asymptomatic period, SARS-CoV-2 has infected over 1.69 million people worldwide as of April 12, 2020, less than four months after its first identification at the end of December 2019 \[[@REF1]\]. Being an enveloped positive-sense single-stranded RNA virus, its mutation rate is higher than the DNA counterparts that use host replication machinery. As the number of infected people increases, different selection pressures can derive an emergence of variant strain and/or the survival of the fittest. Tang et al. have reported two different strains of SARS-Cov-2: L and S subtypes, with S subtype being the ancestral one. However, the progenic L subtype presents higher transmissibility \[[@REF44]\]. In addition, a recent Chinese case report has described a patient shedding virus for 49 days, which is unusually longer as compared to the median duration of 20 days \[[@REF45]\]. This suggests that the variation of genotype is still emerging and that mutations can occur anytime in the future.

The pathophysiology behind the peripheral leukopenia in severe patients is not fully understood. Many viruses are known to interfere with T-cell activation, maturation, or programmed cell death. Recent research has shown that MERS-CoV, another coronavirus, acts to promote the intrinsic and extrinsic pathway of T-cell apoptosis, thereby decreasing the T-cell population \[[@REF46]\]. CD4+T-cells are crucial in promoting humoral immunity and B-cell activation. The loss of Th1, Th2, and Th17 populations implies a decrease in the efficacy of mounting the adaptive immune response. Interestingly, the patient population who had severe symptomatic presentation showed more pronounced leukopenia, especially during the early phase (four to six days after disease onset) of the disease course, with an increase in cytokines (Original research article: Liu J, Li S, Liu J. et al. Longitudinal Characteristics of Lymphocyte Responses and Cytokine Profiles in the Peripheral Blood of SARS-CoV-2 Infected Patients; 2020). Zheng et al. have proposed that this may be due to the functional exhaustion of T-cells \[[@REF47]\]. And Zhou et al. have identified the high expression of both T-cell immunoglobulin and mucin domain 3 (Tim-3) and programmed cell death-1 (PD-1) to support this idea \[[@REF21]\]. More studies are needed in the future to elucidate the pathogenesis behind the peripheral cytopenia and immune dysregulation.

A minority of patients on remission presented back with clinical symptoms of the disease relapse or reactivation between 4-17 days after discharge \[[@REF48]\]. Chen et al. have reported a case of recurrence of viral RNA after two consecutive days of negative tests \[[@REF49]\]. Ye et al. have reported a rate of reactivation as high as 9% in their study, but their patients' clinical presentation was not as critical as the initial infection \[[@REF48]\]. The reactivations were confirmed using positive RT-PCR. The study suggested that the reactivation is associated with the degree of the immune status of the patients, the genotypic factor of the virus, and the baseline viral load. It also pointed out that all patients with reactivations were treated with antiviral medication such as oseltamivir or arbidol \[[@REF48]\]. Although the clinical presentation and sequelae are not as severe in the patients with reactivation, there is still a risk of droplet-transmission to others upon discharge, and hence can pose a public health concern if ignored. It will be necessary to educate the patients on the possibility of reactivation and encourage a 14-day self-isolation to minimize contact with others while reporting to the appropriate healthcare agency if symptoms recur.

Conclusions
===========

SARS-CoV-2 infection or COVID-19 is a highly transmissible novel zoonotic infection with high case fatality rates. The transmission of infection from both asymptomatic and symptomatic patients and its relatively long incubation period make it even harder to control its spread. Unfortunately, there is no consensus on how to treat this infectious disease yet. More studies and data are needed. A good understanding of the disease transmission, its genetics, pathophysiology, clinical presentation, prognostic factors, diagnostic studies, and preventive measures are of prime importance in making clinical decisions and designing research projects for best treatment while responding to minimize the threat to people.
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